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1
METHOD OF DEPOSITING A FILM

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is based on Japanese Priority
Application No. 2014-98573 filed on May 12, 2014, the
entire contents of which are hereby incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a film deposition method.

2. Description of the Related Art

In response to high integration of a semiconductor
memory, a capacitor using a high dielectric material such as
metallic oxide as a dielectric layer has been widely used.
Electrodes of such a capacitor are made of titanium nitride
(TiN), for example, with a relatively large work function.

The TiN electrode is formed by depositing a TiN film on
a high dielectric film by chemical vapor deposition (CVD)
using titanium chloride (TiCl,) and ammonia (NH;) as
source gasses, for example, and patterning the TiN film as
disclosed in Japanese Patent No. 4583764, for example.

On the other hand, a method of depositing a film using an
ALD (Atomic Layer Deposition) method or an MLD (Mo-
lecular Layer Deposition) method is known in which the
film deposition is performed by depositing an atomic layer
or a molecular layer. For example, as disclosed in Interna-
tional Publication No. WO2007/058120, a method of depos-
iting a film for improving step coatability and adhesion of a
film is known in which an initial film deposition is per-
formed by using the ALD method and then a main film
deposition is performed by using the CVD method. In the
initial film deposition step, the ALD method is performed by
introducing a Ru source gas into a process chamber so as to
adsorb on a substrate while supplying H, or NH; into the
process chamber as a first reaction gas. Next, in the main
film deposition step, the CVD method is performed by
introducing a Ti source gas into the process chamber so as
to adsorb on the substrate while supplying O, gas as a
second gas.

However, in these days, there is a process that needs a
very thin continuous TiN film having, for example, a thick-
ness of 7 nm or thinner, in addition to forming such a TiN
electrode. The TiN continuous film is grown by discretely
forming TiN island films on a substrate at first, and then by
gradually connecting the TiN island films to each other in
this order.

Hence, in the event that a too thin TiN film having, for
example, a thickness of 4 nm or thinner is assumed to be
formed, the TiN island films are unlikely to be connected to
each other so as to sufficiently form the continuous film,
thereby forming a pinhole therein. Furthermore, in such a
growth process as the island films gradually connect to each
other, in an actual film deposition process, a film is not
deposited on the substrate for a while from the start of film
deposition, but only the film islands are formed. The actual
film deposition starts after the elapse of a certain amount of
time, which causes deposition lag time, thereby reducing a
throughput.

SUMMARY OF THE INVENTION

Embodiments of the Present Invention provide a method
of depositing a film solving one or more of the problems
discussed above.
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More specifically, the embodiments of the present inven-
tion may provide a method of depositing a film capable of
reducing film deposition lag time and reliably depositing a
continuous film even in forming a thin TiN film having a
thickness of 8 nm or thinner.

According to an embodiment of the present invention,
there is provided a method of depositing a continuous TiN
film on a substrate. In the method, a continuous TiO, film is
deposited on a substrate, and then a continuous TiN film is
deposited on the continuous TiO, film. The TiN film is
thicker than the TiO, film.

Additional objects and advantages of the embodiments
are set forth in part in the description which follows, and in
part will become obvious from the description, or may be
learned by practice of the invention. The objects and advan-
tages of the invention will be realized and attained by means
of the elements and combinations particularly pointed out in
the appended claims. It is to be understood that both the
foregoing general description and the following detailed
description are exemplary and explanatory and are not
restrictive of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating a preferred film
deposition apparatus to implement a method of depositing a
film according to an embodiment of the present invention;

FIG. 2 is a perspective view of the film deposition
apparatus illustrated in FIG. 1;

FIG. 3 is a schematic top view illustrating a configuration
of the inside of a vacuum chamber of the film deposition
apparatus illustrated in FIG. 1;

FIG. 4 is a schematic cross-sectional view of the vacuum
chamber along a concentric circle of a rotatable turntable
provided in the vacuum chamber of the film deposition
apparatus illustrated in FIG. 1;

FIG. 5 is another schematic cross-sectional view of the
film deposition apparatus illustrated in FIG. 1;

FIG. 6 is a flowchart illustrating a method of depositing
a film according to an embodiment of the present invention;
and

FIG. 7 is a graph illustrating a result of the method of
depositing a film of a working example of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A description is given below of a method of depositing a
film according to embodiments of the present invention,
with reference to accompanying drawings. It is to be noted
that, in the explanation of the accompanying drawings, the
same components are given the same reference numerals,
and overlapping descriptions thereof may be omitted. Fur-
ther, drawings are not intended to show relative ratio of a
component or components. Accordingly, specific dimen-
sions should be determined by a person skilled in the art in
light of the following embodiments that are not limited
thereto.

[Film Deposition Apparatus]

To begin with, a description is given below of a film
deposition apparatus preferred to perform a method of
depositing a film according to the embodiments of the
present invention.

With reference to FIGS. 1 through 3, the film deposition
apparatus includes a vacuum chamber 1 having a substan-
tially flat circular shape in a plan view and a turntable 2
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provided in the vacuum chamber 1 and having its rotational
center at the center of the vacuum chamber 1. The vacuum
chamber 10 includes a chamber body 12 having a cylindrical
shape with a bottom surface, and a ceiling plate 11 placed on
the upper surface of the chamber body 12. The ceiling plate
11 is detachably placed on the chamber body 12 via a sealing
member 13 (See FIG. 1) such as an O-ring in an airtight
manner.

The turntable 2 is fixed to a cylindrical shaped core
portion 21 at its center portion. The core portion 21 is fixed
to the upper end of a rotational shaft 22 which is extending
in the vertical direction. The rotational shaft 22 is provided
to penetrate the bottom portion 14 of the vacuum chamber
10 and the lower end of which is attached to the driving unit
23 that rotates the rotational shaft 22 (See FIG. 1) around a
vertical axis. The rotational shaft 22 and the driving unit 23
are housed in a cylindrical case body 20 whose upper surface
is open. The case body 20 is attached to a lower surface of
the bottom portion 14 of the vacuum chamber 1 via a flange
portion provided at its upper surface in an airtight manner so
that an inner atmosphere of the case body 20 is isolated from
an outside atmosphere.

As illustrated in FIGS. 2 and 3, a plurality of (five in an
example of the drawings) circular concave portions 24 are
provided in an upper surface of the turntable 2 along a
rotational direction (circumferential direction) of the turn-
table 2 for placing a plurality of semiconductor wafers
(which will be simply referred to as “wafers” hereinafter) W,
respectively. Here, a wafer is illustrated at only one of the
concave portions 24 in FIG. 3 as a matter of convenience.
Each of the concave portions 24 has a slightly larger (for
example, 4 mm larger) diameter than that of the wafer W,
and a depth substantially equal to the thickness of the wafer
W. Thus, when the wafer W is loaded in the concave portion
24, the surface of the wafer W and the surface of the
turntable 2 (where the wafer W is not placed) becomes
almost the same height. Each of the concave portions 24 has
through holes (not illustrated in the drawings) formed in its
bottom surface to allow, for example, three lift pins (not
illustrated in the drawings) to penetrate therethrough to
support a back surface of the wafer W and to lift the wafer

FIGS. 2 and 3 are drawings for explaining a structure
inside the vacuum chamber 1, and a depiction of the ceiling
plate 11 is omitted as a matter of convenience. As illustrated
in FIGS. 2 and 3, a reaction gas nozzle 31, a reaction gas
nozzle 32, a reaction gas nozzle 33 and separation gas
nozzles 41 and 42, which are, for example, made of quartz,
are arranged at intervals in a circumferential direction of the
vacuum chamber 1 (in the rotational direction of the turn-
table 2 (a direction illustrated by an arrow A in FIG. 3))
above the turntable 2. In the example illustrated in FIG. 3,
the separation gas nozzle 41, the reaction gas nozzle 31, the
separation gas nozzle 42, the reaction gas nozzle 32 and the
reaction gas nozzle 33 are arranged in this order from a
transfer opening 15 (which will be explained later) in a
clockwise direction (the rotational direction of the turntable
2). Gas introduction ports 31a, 324, 33a, 41a, and 42a (See
FIG. 3) that are base portions of the nozzles 31, 32, 33, 41,
and 42, respectively, are fixed to an outer periphery wall of
the chamber body 12 so that these nozzles 31, 32, 41, and 42
are introduced into the vacuum chamber 1 from the outer
periphery wall of the vacuum chamber 1 so as to extend in
parallel with respect to a surface of the turntable 2 along a
radial direction.

In the embodiment, the reaction gas nozzle 31 is con-
nected to a titanium chloride (TiCl,) gas supply source (not
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4

illustrated in the drawings) via a pipe, a flow rate controller
and the like, not illustrated in the drawings. The reaction gas
nozzle 32 is connected to a nitriding gas (NH; and the like)
supply source (not illustrated in the drawings) via a pipe, a
flow rate controller and the like, not illustrated in the
drawings. When the reaction gas nozzle 32 does not supply
the nitriding gas, the reaction gas nozzle 32 may be config-
ured to be connectable to an inactive gas supply source by
being switched so as to be able to supply the inactive gas
such as nitrogen (N,) gas and the like to prevent the reaction
gas nozzle 32 from becoming a negative pressure. The
reaction gas nozzle 33 is connected to an oxidation gas (O,,
O; and the like) supply source (not illustrated in the draw-
ings) via a pipe, a flow rate controller and the like, not
illustrated in the drawings. When the reaction gas nozzle 33
does not supply the oxidation gas, the reaction gas nozzle 33
may be configured to be connectable to the inactive gas
supply source such as the nitrogen gas supply source by
being switched so as to be able to supply the inactive gas
such as nitrogen (N,) gas and the like to prevent the reaction
gas nozzle 33 from becoming a negative pressure. The
separation gas nozzles 41 and 42 are each connected to
separation gas supply sources (not illustrated in the draw-
ings) via pipes and flow rate controllers (not illustrated in the
drawings). A noble gas such as helium (He) or argon (Ar),
an inactive gas such as nitrogen gas or the like can be used
as the separation gas. In this embodiment, N, gas is used.

Each of the reaction gas nozzles 31, 32 and 33 has a
plurality of gas discharge holes 35 (see FIG. 4) which faces
downward to the turntable 2 along the longitudinal direc-
tions of each of the reaction gas nozzles 31, 32 and 33, for
example, at intervals of 10 mm. An area below the reaction
gas nozzle 31 is a first process area P1 in which the TiCl, gas
is adsorbed on the wafers W. An area below the reaction gas
nozzle 32 is a second process area P2 in which the TiCl, gas
adsorbed on the wafers W at the first process area P1 is
nitrided.

Referring to FIGS. 2 and 3, two convex portions 4 are
provided in the vacuum chamber 1. As described later, the
convex portions 4 are attached to the back surface of the
ceiling plate 11 so as to protrude toward the turntable 2 in
order to form a separation area D with each of the separation
gas nozzles 41 and 42. Each of the convex portions 4 has
substantially a sectorial planar shape whose apex is cut into
an arc shape. Each of the convex portions 4 is arranged so
that the inner arc shaped portion thereof is connected to an
inner protruding portion 5 (which will be described later)
and the outer arc shaped portion thereof is formed to extend
along an inner peripheral surface of the chamber body 12 of
the vacuum chamber 1.

FIG. 4 illustrates a cross-section of the vacuum chamber
1 along a concentric circle of the turntable 2 from the
reaction gas nozzle 31 to the reaction gas nozzle 32. As
illustrated in FIG. 4, the convex portion 4 is fixed to the back
surface of the ceiling plate 11. Thus, there are flat low ceiling
surfaces 44 (i.e., first ceiling surface) that are lower surfaces
of the convex portions 4 and flat high ceiling surfaces 45
(i.e., second ceiling surface) that are higher than the low
ceiling surfaces 44 and located on both sides of the low
ceiling surfaces 44 in the circumferential direction. Each of
the ceiling surfaces 44 has the sectorial planar shape whose
apex is cut into the arc shape. Furthermore, as illustrated in
the drawings, the convex portions 4 have a groove portion
43 formed in the center in the circumferential direction so as
to extend in the radial direction of the turntable 2. The
separation gas nozzle 42 is positioned within the groove
portion 43. Although not shown in FIG. 4, the other convex
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portion 4 also has the groove portion formed therein, and
houses the separation gas nozzle 41 therein. Each of the
reaction gas nozzles 31 and 32 is provided in a space under
each of the high ceiling surfaces 45. Each of the reaction gas
nozzles 31 and 32 is provided in the vicinity of the wafer W
apart from each of the high ceiling surfaces 45. As illustrated
in FIG. 4, the reaction gas nozzle 31 is provided in a
right-side space 481 under the high ceiling surface 41, and
the reaction gas nozzle 32 is provided in a left-side space
482 under the high ceiling surface 45.

Each of the separation gas nozzles 41 and 42 has a
plurality of gas discharge holes 42/ (see FIG. 4) formed
along the longitudinal direction thereof at a predetermined
interval, for example, 10 mm, so as to open toward the
turntable 2.

The low ceiling surface 44 provides a separation space H,
which is a narrow space, with respect to the turntable 2.
When N, gas is supplied from the discharge holes 42/ of the
separation gas nozzle 42, N, gas flows toward the spaces 481
and 482 through the separation space H. At this time,
because the volume of the separation space H is smaller than
those of the spaces 481 and 482, the pressure in the
separation space H can be made higher than those in the
spaces 481 and 482 by N, gas. This means that the separa-
tion space H having a high pressure is formed between the
spaces 481 and 482. Moreover, N, gas flowing from the
separation space H toward the spaces 481 and 482 functions
as a counter flow against TiCl, gas from the gas first process
area P1 and NH; gas from the second process area P2.
Accordingly, TiCl, gas from the first process area P1 and
NH; gas from the second process arca P2 are separated by
the separation space H. Therefore, mixing and reaction of
TiCl, gas with NH; gas are prevented in the vacuum cham-
ber 1.

The height h1 of the low ceiling surface 44 from the upper
surface of the turntable 2 is preferred to be appropriately
determined based on the pressure of the vacuum chamber 1
during the film deposition, the rotational speed of the
turntable 2, and a supplying amount (flow rate) of the
separation gas (N, gas) in order to maintain the pressure in
the separation space H higher than those in the spaces 481
and 482.

Referring to FIGS. 1 through 3, the ceiling plate 11 has the
protruding portion 5 at its lower surface to surround the
outer periphery of the core portion 21 which fixes the
turntable 2. The protruding portion 5 is continuously formed
with the inner portion of the convex portions 4, and a lower
surface thereof is formed at the same height as those of the
low ceiling surfaces 44, in this embodiment.

FIG. 1 is a cross-sectional view taken along an I-I' line in
FIG. 3, and illustrates an area where the ceiling surface 45
is provided. FIG. 5 is a partial cross-sectional view illus-
trating an area where the ceiling surface 44 is provided. As
illustrated in FIG. 5, the sectorial convex portion 4 includes
a bending portion 46 formed in its outer periphery (at an
outer peripheral portion side of the vacuum chamber 1) that
is bent to have an L-shape so as to face an outer end surface
of the turntable 2. The bending portion 46 suppresses the
reaction gasses from flowing into the separation area D from
both sides of the separation area D and mixing with each
other as well as the concave portion 4. Because the sectorial
convex portions 4 are attached to the ceiling plate 11 and the
ceiling plate 11 is detachably attached to the chamber body
12, there is a slight space between the outer peripheral
surface of the bending portion 46 and the chamber body 12.
The space between the inner peripheral surface of the
bending portion 46 and an outer end surface of the turntable
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6

2, and the space between the outer periphery surface of the
bending portion 46 and the chamber body 12 is set at the
same dimension as the height hl (See FIG. 4) of the low
ceiling surface 44 with respect to the upper surface of the
turntable 2, for example.

As illustrated in FIG. 5, the inner peripheral wall of the
chamber body 12 is formed to extend in a vertical direction
to be closer to the outer peripheral surface of the bending
portion 46 at the separation area D. However, other than the
separation area D, as illustrated in FIG. 1, for example, the
inner peripheral wall of the chamber body 12 is formed to be
recessed outward from a portion facing the outer end surface
of the turntable 2 to the bottom portion 14. Hereinafter, for
an explanatory purpose, the recessed portion, having a
substantially rectangular cross-sectional view, is referred to
as an evacuation area. More specifically, a part of the
evacuation area which is in communication with the first
process area P1 is referred to as a first evacuation area El,
and a part of the evacuation area which is in communication
with the second process area P2 is referred to as a second
evacuation area E2. As illustrated in FIGS. 1 through 3, a
first evacuation port 610 and a second evacuation port 620
are respectively formed in the bottom portions of the first
evacuation area E1 and the second evacuation area E2. The
first evacuation port 610 and the second evacuation port 620
are connected to vacuum pumps 640, which are vacuum
evacuation units, via exhaust pipes 630, respectively, as
shown in FIG. 1. In addition, a pressure controller 650 is
provided between the vacuum pump 640 and the exhaust
pipe 630.

A heater unit 7 is provided at a space between the
turntable 2 and the bottom portion 14 of the vacuum
chamber 10 as illustrated in FIGS. 1 and 5. The wafers W
placed on the turntable 2 are heated by the heater unit 7
through the turntable 2 to a temperature (e.g., 400° C.)
determined by a process recipe. A ring shaped cover member
71 is provided below the outer periphery of the turntable 2
in order to separate an atmosphere above the turntable 2 to
the evacuation areas E1 and E2 from an atmosphere in which
the heater unit 7 is provided so as to prevent the gasses from
flowing into the space under the turntable 2 (See FIG. 5).
The cover member 71 includes an inner member 71a that is
provided to face the outer edge portion and the further outer
portion of the turntable 2 from below, and an outer member
715 that is provided between the inner member 71a and an
inner wall surface of the vacuum chamber 1. The outer
member 715 is provided under the bending portion 46 that
is formed in the outer edge portion of each of the convex
portions 4. The inner member 71a is provided to surround
the entire circumference of the heater unit 7 below the outer
end portion (and at a slightly outside of the outer end
portion) of the turntable 2.

A part of the bottom portion 14 closer to the rotational
center than the space including the heater unit 7 forms a
projecting portion 12a by protruding upward so as to
approach the core portion 21 located near the central portion
of the lower surface of the turntable 2. A space between the
projecting portion 12a and the core portion 21 is narrow.
Furthermore, a space between an inner peripheral surface of
the bottom portion 14 and the rotational shaft 22 is narrow,
and these narrow spaces are in communication with the case
body 20. A purge gas supplying pipe 72 that supplies N, gas
as the purge gas to the narrow spaces is provided in the case
body 20 for purging. A plurality of purge gas supplying pipes
(only one of the purge gas supplying pipes 73 is illustrated
in FIG. 5) are provided in the bottom portion 14 of the
vacuum chamber 10 under the heater unit 7 at a predeter-
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mined angular interval in the circumferential direction to
purge the space including the heater unit 7. Moreover, a
cover member 7a is provided between the heater unit 7 and
the turntable 2 to prevent the gas from flowing into the space
including the heater unit 7. The cover member 74 is provided
to cover an area between an inner peripheral wall (upper
surface of the inner member 71a) of the outer member 715
and an upper end portion of the projecting portion 12a
throughout the circumferential direction. For example, the
cover member 7a can be made of quartz.

A separation gas supplying pipe 51 is connected to a
central portion of the ceiling plate 11 of the vacuum chamber
1 so as to supply N, gas as the separation gas to a space 52
between the ceiling plate 11 and the core portion 21. The
separation gas supplied to the space 52 is discharged toward
the periphery through a narrow space between the inner
protruding portion 5 and the turntable 2 by flowing along the
upper surface including the wafer receiving area of the
turntable 2. The space 50 is kept at a pressure higher than
those of the spaces 481 and 482 by the separation gas. Thus,
the space 50 serves to prevent TiCl, gas supplied to the first
process area P1 and NH; gas supplied to the second process
area P2 from mixing with each other by flowing through the
central area C. It means that the space 50 (or the central area
C) can function similarly to the separation space H (or the
separation area D).

As illustrated in FIGS. 2 and 3, a transfer opening 15 is
formed in a side wall of the vacuum chamber 1 to transfer
the wafers W, which are substrates, between a transfer arm
10 provided outside the vacuum chamber 1 and the turntable
2 inside the vacuum chamber 1. The transfer opening 15 is
opened and closed by a gate valve (not illustrated in the
drawings). Furthermore, because the wafer W of the sub-
strate is transferred at a position facing the transfer opening
15 between the transfer arm 10 and the concave portion 24
that is a wafer receiving area, lift pins, which penetrate
through the concave portion 24 to lift up the wafer W from
the backside surface thereof, and a lifting mechanism to
move the lift pins up and down (neither is illustrated in the
drawings) are provided under the turntable 2 at a location
corresponding to the wafer transferring position.

As illustrated in FIG. 1, the film deposition apparatus
according to the embodiment includes a control unit 100 that
controls the entirety operation of the film deposition appa-
ratus. The control unit 100 is constituted of a computer. The
control unit includes a memory unit, which stores a program
to cause the film deposition apparatus to implement a
method of depositing a film described later under the control
by the control unit 100. The program is designed to include
a step group capable of executing the method of depositing
the film, stored in a medium 102 such as a hard disk, a
compact disc, a magneto-optical disk, a memory card, a
flexible disk or the like, read by a predetermined reader to
store in a storage unit 102, and installed in the control unit
100.

[Method of Depositing a Film]

Next, a description is given below of a method of depos-
iting a film according to embodiments of the present inven-
tion, with reference to FIG. 6. In the following description,
a description is given by citing an example of using the
above-mentioned film deposition apparatus.

To begin with, in step S100 (See FIG. 6), a wafer W is
placed on the turntable 2. More specifically, the gate valve
(not illustrated in the drawings) is opened, and the wafer W
is transferred from the outside of the vacuum chamber 1 into
the concave portion 24 of the turntable 2 through the transfer
opening 15 (See FIGS. 2 and 3) by the transfer arm 10 (See
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FIG. 3). This transfer is performed by causing the lifting pins
(not illustrated in the drawings) to move up and down from
the bottom side of the vacuum chamber 1 through the
through-holes provided in the bottom surface of the concave
portion 24 when the concave portion 24 stops in front of the
transfer opening 15. Such a transfer of the wafer W is
repeated by intermittently rotating the turntable 2, and the
wafers W are placed in five of the concave portions 24 of the
turntable 2, respectively.

Subsequently, the gate valve is closed, and the vacuum
chamber 1 is evacuated to a reachable degree of vacuum by
the vacuum pump 640. After that, in step S110, N, gas is
supplied to the wafers W from the separation gas nozzles 41
and 42 at a predetermined flow rate, and N, gas is also
supplied to the wafers W from the separation gas supplying
pipe 51 and the purge gas supplying pipes 72 at a predeter-
mined flow rate. Following this, the vacuum chamber 1 is
controlled to be a preliminarily set process pressure by the
pressure control unit 650 (See FIG. 1). Next, the wafers W
are heated up to, for example, 400° C. by the heater unit 7
while rotating the turntable 2 in a clockwise fashion at a
rotational speed of, for example, 20 rpm.

After that, in step S120, TiCl,, gas is supplied to the wafers
W from the reaction gas nozzle 31 (See FIGS. 2 and 3), and
an oxidation gas such as O, gas, O; gas or the like is supplied
to the wafers W from the reaction gas nozzle 33. The
reaction gas nozzle 32 may supply an oxidation gas such as
O, gas, O; gas or the like, or may not supply any gas. For
example, as described above, the reaction gas nozzle 32 may
supply a certain amount of N, gas that makes the inside of
the reaction gas nozzle a positive pressure. By rotating the
turntable 2, the wafers W pass the first process area P1, the
separation area D (i.e., the separation space H), the second
process area P2 and the separation area D (i.e., the separa-
tion space H) in this order (See FIG. 3). First, TiCl, gas from
the reaction gas nozzle 31 adsorbs on the wafers W in the
first process area P1. Next, when the wafers W reach the
second process area P2 after passing through the separation
area D (separation space H) having an atmosphere filled
with N, gas, TiCl, gas adsorbed on the wafers W reacts with
the oxidation gas from the reaction gas nozzle 33, and a TiO,
film is deposited on the wafers W. Then, the wafers W reach
the separation area D (separation space H having an atmo-
sphere filled with N, gas). By rotating the turntable 2 a
plurality of number of times, this cycle is repeated the
plurality of number of times.

During this process, it is determined whether or not the
supply of TiCl, gas from the reaction gas nozzle 31 and the
oxidation gas from the reaction gas nozzle 33 is performed
for a first predetermined period of time (step S130). The first
predetermined period of time is set at a period of time during
which the TiO, film can be deposited as a continuous film,
not an island film. For example, because the TiO, film can
be sufficiently deposited as a continuous film even having a
thickness of 2 nm or thinner, the first predetermined period
of time may be set at an appropriate period of time during
which the TiO, film can be deposited as the continuous film
having a thickness 2 nm or thinner. The TiO, film is an
underlying film of a TiN film, and is not a film aimed at
production in general. Hence, the TiO, film is preferred to be
deposited as thin as possible within a range capable of
reliably depositing the continuous film. Accordingly, the
film thickness of the TiO, film may be set at a proper value,
for example, in a range from 0.1 to 2 nm. By determining the
targeted film thickness, the process time for depositing the
continuous film of TiO, can be properly determined in
consideration of the conditions such as the rotational speed
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of the turntable 2, the flow rates of TiCl, gas and the
oxidation gas, the substrate temperature and the like. For
example, the first predetermined period of time for depos-
iting the continuous TiO, film can be set in this manner.

The TiO, film has a function of removing contamination,
and is considered to have a function of removing the
contamination on the wafers W. This serves to create a
surface state easy to deposit the TiN film as a continuous
film on the surfaces of the wafers W from the beginning.

Here, another underlying film may be formed on the
surfaces of the wafers W other than the TiO, film from the
beginning. For example, when each of the wafers W is a
silicon substrate, a SiO, film, which is a natural oxidation
film, is generally formed on the surface of each of the wafers
W. In such a case, the TiO, film can be deposited on the
underlying film formed on the wafers W from the beginning.
Even when the underlying film formed on the wafers W is
not preferable for the deposition of the TiN film, by depos-
iting the continuous film of TiO, on the underlying film, the
surface state of the wafers W can be made a preferable state
easy to deposit the continuous film of TiN.

In step S130, when it is determined that the first prede-
termined period of time does not elapse, the process returns
to step S120. In step S120, the film deposition process of the
TiO, film is continued. On the other hand, when the first
predetermined period of time has passed, the process
advances to step S140.

In step S140, the supply of the oxidation gas from the
reaction gas nozzles 32 and 33 stops, and N, gas is con-
tinuously supplied from the separation gas nozzles 41 and 42
while rotating the turntable 2. In addition, if necessary, the
supply of TiCl, gas from the reaction gas nozzle 31 stops.
Because TiCl, gas is also supplied in the next film deposition
process for depositing the TiN film, TiCl, gas may be
continuously supplied, or the supply of TiCl, gas may be
stopped once at a stage of having deposited the TiO,
continuous film.

After that, in step S150, TiCl, gas is supplied from the
reaction gas nozzle 31, and NH; gas is supplied from the
reaction gas nozzle 32 (See FIGS. 2 and 3). The reaction gas
nozzle 33 may supply NH; gas as well as the reaction gas
nozzle 32, or may not supply any gas. Or, the reaction gas
nozzle 33 may supply a certain amount of N, gas capable of
making the inside of the reaction gas nozzle 33 a positive
pressure. By rotating the turntable 2, the wafers W pass
through the first process areca P1, the separation area D
(separation space H), the second process area P2 and the
separation area D (separation space H) in this order (See
FIG. 3). First, TiCl, gas adsorbs on the wafers W in the first
process area P1. Next, when the wafers W reach the second
process area P2 after passing through the separation area D
(separation space H) having an atmosphere filled with N,
gas, TiC, gas adsorbed on the wafers W reacts with NH; gas
from the reaction gas nozzle 32, and a TiN film is deposited
on the wafers W. Moreover, NH,Cl is generated as a
by-product, which is released into a gas phase and evacuated
with the separation gas and the like. Then, the wafers W
reach the separation area D (separation space H having the
atmosphere filled with N, gas).

During the process, it is determined whether or not the
supply of TiCl, gas from the reaction gas nozzle 31 and NH,
gas from the reaction gas nozzle 32 is performed for a
second predetermined period of time (step S160). The
second predetermined period of time may be determined
based on a targeted film thickness of the TiN film. The
method of depositing the film according to the embodiments
of the present invention can be applied to a film deposition
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of the TiN film having a variety of film thicknesses.
Although there is no upper limitation of the film thickness,
the method of depositing the film according to the embodi-
ments of the present invention can efficiently exert its effect
in particular when the TiN film having a film thickness of 8
nm or thinner is deposited. In other words, in the conven-
tional method of depositing the film, the TiN film is depos-
ited discretely like islands at first, and then the island films
are connected as time proceeds so as to form a continuous
film in sequence. Hence, when a very thin TiN film having
a thickness of 8 nm or thinner is deposited, the island films
are not connected to each other continuously enough, and a
pinhole is likely to be generated. Moreover, during an initial
stage of forming the island films, the actual deposition of the
TiN film does not start immediately even after the deposition
process starts, which causes deposition delay time (which
may be hereinafter called “incubation time”).

However, by depositing the TiO, film as the underlying
film and then depositing the TiN film, the island film of TiN
film does not occur and the actual deposition of the con-
tinuous TiN film starts from the beginning of the film
deposition process. Thus, the TiN film may be set to have
any film thickness as long as the film thickness is set thicker
than that of the TiO, film of the underlying film. In other
words, there is no upper limitation of the film thickness of
TiN film. The film thickness may be set at 10 nm or thicker,
or at 1 nm or thicker and 8 nm or thinner, for example, at a
very thin film thickness in a range from 1 to 4 nm.

When the second period of time does not elapse (step
S160: NO), the film deposition of TiN film continues (step
S150). On the other hand, when the second period of time
has elapsed (step S160: YES), the process advances to the
next step S170.

In step S170, the rotation of the turntable 2 and the supply
of NH; gas from the reaction gas nozzle 32 continue, and the
supply of TiCl, gas from the reaction gas nozzle 31 stops.
This causes the wafers W to be exposed to N, gas (separation
gas) and NH; gas alternately. The deposited TiN film may
contain remaining chlorine (Cl) produced by unreacted
TiCl, or decomposition of TiCl,. Unreacted TiCl, reacts
with NH; and produces TiN, and remaining Cl releases from
the TiN film by reacting with NH; and becoming NH,CI.
This makes it possible to reduce impurities within the
deposited TiN film, to enhance the film quality of the TiN
film, and to reduce the resistivity thereof.

After starting step S170, it is determined whether the
supply of NH, gas from the second reaction gas 32 has been
performed for a predetermined third period of time (step
S180). The third predetermined period of time can be set at
an appropriate period of time in consideration of the film
quality enhancement of TiN film and the throughput.

When the third predetermined period of time does not
elapse (step S180: NO), step S170 continues. When the third
predetermined period of time has elapsed (step S180: YES),
the process goes to step S190.

In step S190, it is determined whether total time of steps
S150 and S170 reaches a predetermined time. When the total
time does not reach the predetermined time (step S190: NO),
the process returns to step S150, and TiN is further depos-
ited. When the total time reaches the predetermined time
(step S190: YES), the supply of TiCl, gas and NH, gas stops,
and the film deposition ends.

Working Example

A description is given below of a working example
performed to confirm an effect of the above-described
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method of depositing the film. In the following description,
as a matter of convenience, step (S120) of supplying TiCl,
gas and an oxidation gas while rotating the turntable 2 is
called a “TiO, film deposition step”, and step (S170) of
supplying TiCl, gas and NH, gas while rotating the turntable
2 is called a “TiN film deposition step”. Here, a temperature
of the waters W during the TiO, film deposition step and the
TiN film deposition step is the same as each other.

FIG. 7 is a graph showing a result of the method of
depositing the film according to the embodiments of the
present invention with a result of a comparative example.

In the working example, each of a SiO, film, a SiN film,
an HfO, film was deposited as an underlying film in addition
to depositing a TiO, film according to the working example,
and then a TiN film was deposited on the deposited under-
lying film. The film thickness of the TiN film was measured
by the number of cycles as a unit. Here, the number of cycles
means theoretically depositing one atomic layer by rotating
the turntable 2 once, and has the same meaning as the
number of rotations of the turntable 2.

In FIG. 7, the horizontal axis shows the number of cycles
[cyc], and the vertical axis shows a film thickness [nm] by
fluorescent X-ray analysis (XRF). In FIG. 7, a film thickness
change of the TiN film to the number of cycles when the
underlying film is a TiO, film is shown by a characteristic
line A; a film thickness change of the TiN film to the number
of cycles when the underlying is a HfO, film is shown by
characteristic line B; and a film thickness change of the TiN
film to the number of cycles when the underlying is a SiO,
film or a SiN film is shown by characteristic line C (since
both lines are almost completely overlapped, they are shown
by the same symbol C).

As illustrated by FIG. 7, when the TiO, film was made the
underlying film as shown by the characteristic line A, the
film thickness increased at the same time as starting the film
deposition, and the incubation time could not be found.

In contrast, with respect to the film thickness of the TiN
film when the HfO, film was made the underlying film,
because the film thickness increased after the elapse of 20
cycles from the start of film deposition, the incubation time
equal to 20 cycles could be found. Similarly, with respect to
the film thickness of the TiN film when the SiO, film or the
SiN film was made the underlying film, because the film
thickness increased after the elapse of 30 cycles from the
start of film deposition, the incubation time equal to 30
cycles could be found. Here, because the incubation time of
the characteristic line C is longer than that of the charac-
teristic line B, the TiN film deposited on the underlying film
of Si0, film or the SiN film is likely to have island films
more than the TiN film deposited on the underlying film of
HfO, film.

In this manner, when a film other than the TiO, film is
made the underlying film, the incubation time can be found.
In such a state, because the film deposition starts from the
formation of island films, the TiN film can be deposited as
a continuous film that does not contain a pinhole even when
a very thin film equal to or less than 8 nm is deposited.

In the above-discussed embodiments and the working
examples, for example, an organic source containing tita-
nium may be used as the gas supplied from the first reaction
gas nozzle 31 (i.e., titanium-containing gas), and is not
limited to TiCl, gas. Moreover, for example, monomethyl-
hydrazine or the like may be used as the gas supplied from
the second reaction gas nozzle (i.e., nitriding gas, nitrogen-
containing gas), and is not limited to ammonia gas.
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According to the embodiments of the present invention, a
continuous film of a TiN film can be deposited without
generating delay time in starting the film deposition.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in
understanding the invention and the concepts contributed by
the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited
examples and conditions, nor does the organization of such
examples in the specification relate to a showing of the
superiority or inferiority of the invention. Although the
embodiments of the present invention have been described
in detail, it should be understood that the various changes,
substitutions, and alterations could be made hereto without
departing from the spirit and scope of the invention.

What is claimed is:
1. A method of depositing a continuous TiN film on a
silicon wafer, the method comprising steps of:
depositing a continuous TiO, film having a thickness
equal to or thinner than 2 nm on a silicon wafer; and

depositing a continuous TiN film having a thickness equal
to or thinner than 4 nm on the continuous TiO, film, the
TiN film being thicker than the TiO, film.

2. The method as claimed in claim 1,

wherein the silicon wafer has an underlying film formed

thereon, and

the step of depositing the continuous TiO, film on the

silicon wafer is performed by depositing the continuous
TiO, on the underlying film on the silicon wafer.
3. The method as claimed in claim 2, wherein the under-
lying film formed on the silicon wafer is an SiO, film.
4. The method as claimed in claim 1, wherein the step of
depositing the continuous TiO, film and the step of depos-
iting the continuous TiN film are performed by an ALD
method.
5. A method of depositing a continuous TiN film on a
substrate, the method comprising steps of:
placing a substrate on a turntable provided in a process
chamber, a first and second process areas being pro-
vided above the turntable apart from each other in a
rotational direction of the turntable and in the process
chamber, a first gas nozzle being provided in the first
process area, at least one second gas nozzle being
provided in the second process area;
depositing a continuous TiO, film on the substrate; and
depositing a continuous TiN film on the continuous TiO,
film, the TiN film being thicker than the TiO, film,

wherein the step of depositing the continuous TiO, film
and the step of depositing the continuous TiN film are
performed by an ALD method,

wherein the step of depositing the continuous TiO, film is

performed by rotating the turntable to cause the sub-
strate to alternately pass through the first and second
process areas while supplying a Ti-containing gas from
the first gas nozzle and supplying an oxidation gas from
the at least one second gas nozzle, and

wherein the step of depositing the continuous TiN film is

performed by rotating the turntable to cause the sub-
strate to alternately pass through the first and second
process arcas while supplying the Ti-containing gas
from the first gas nozzle and supplying a nitriding gas
from the at least one second gas nozzle.

6. The method as claimed in claim 5, wherein the Ti-
containing gas is TiCl, gas.

7. The method as claimed in claim 5, wherein the nitriding
gas is NH; gas.
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8. The method as claimed in claim 5,

wherein the at least one second gas nozzle includes a
plurality of gas nozzles, and

the oxidation gas and the nitriding gas are supplied from
different gas nozzles of the plurality of nozzles.

9. The method as claimed in claim 5,

wherein first and second separation areas are provided
between the first and second process areas in the
rotational direction of the turntable, respectively, and

wherein each of the step of depositing the continuous
TiO, film and the step of depositing the continuous TiN
film is performed by rotating the turntable to cause the
substrate to pass through the first process area, the first
separation area, the second process area and the second
separation area in sequence, repeatedly.
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